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INTRODUCTION
Bimodality in the gamma-ray burst (GRB) duration distribution was discovered in a series of KONUS experiments (Mazets et al. 1981 ) and was subsequently confirmed by more extensive statistical data from the BATSE experiment (Kouveliotou et al. 1993) , where a robust GRB duration parameter Т 90 was proposed. GRBs with a duration Т 90 < 2 s are deemed short. The characteristic duration separating the long bursts from the short ones depends on the spectral range (see, e.g., Minaev et al. 2010b) . A harder energy spectrum and a less distinct spectral lag are typical for short GRBs (Kouveliotou et al. 1993 ; Norris et al. 2005 ). The phenomenological properties of short GRBs are considered most comprehensively in Donaghy et al. (2006) and Berger (2014) .
The class of short GRBs is believed to be associated with the merger of compact components (neutron stars, black holes) in a binary system (Paczynski 1986 ; Meszaros and Rees 1992, 1997; Rosswog and Ramirez-Ruiz 2003a; Rosswog et al. 2003b ). This is confirmed by the absence of observational signatures of a supernova in the optical afterglow light curves for short GRBs and by the localization of the sources of short GRBs in galaxies of both late and early types with a low star formation rate (Berger 2014) . However, in one case (GRB 130603B), a signature of a kilonova was detected in the light curve (Tanvir et al. 2013 ). The predicted (Li and Paczynski 1998) kilonova is an optical and infrared transient produced by the ejection of radioactive matter during the merger of a binary system where one of the components is a neutron star.
Activity before the beginning of the main episode (precursor) was detected in the light curves of some GRBs (Koshut et al. 1995 intense and shorter burst activity episode preceding the main one is considered to be a precursor. In Koshut et al. (1995) an additional condition is imposed on the precursor properties: the time interval between the precursor and the main episode of a GRB must exceed the duration Т 90 of the main episode. As a rule, the GRB light curves have a complex structure and consist of several pulses, both overlapping between themselves and well separated in time, with the intensity and duration of the pulses as well as the time interval between them being independent of their relative positions in the GRB light curve (see, e.g., Mitrofanov et al. 1998 ). Therefore, the possibility that the detected precursor candidate is actually an individual pulse of the main episode and is not associated with a energy threshold is ∼ 10 MeV. The SPI-ACS time resolution is 50 ms (von Kienlin et al.
2003).
IBAS (INTEGRAL Burst Alert System; Mereghetti et al. 2003 ) is used for the identification of bursts in the SPI-ACS data. The IBAS software algorithm identifies events on nine different time scales (0.05, 0.1, 0.2, 0.4, 0.8, 1, 2, and 5 s) provided that the event statistical significance with respect to the mean background is 9, 6, 9, 6, 9, 6, 9, and 6σ, respectively. The light curves of the events identified by this algorithm (containing data from -5 to 100 s relative to the trigger time) are publicly accessible (http://isdcarc.unige.ch/arc/FTP/ibas/spiacs/). IBAS is also used in an automatic analysis of the IBIS/ISGRI data, but IBAS is not used simultaneously with the SPI spectrometer.
The Data Processing Algorithm
We selected a sample of 519 short GRBs detected from December 2002 to May 2014 in the SPI-ACS/INTEGRAL experiment. To produce the sample, we used the master list by K. Hurley (http://www.ssl.berkeley.edu/ipn3/chronological.txt), which is a compilation of known GRB catalogs and, as a consequence, is the most complete sample of GRBs (more than 6500 events).
For each GRB detected since the beginning of the INTEGRAL mission and contained in the master list, we constructed and analyzed the light curve based on SPI-ACS/INTEGRAL data. Thus, all GRBs of the sample were independently confirmed at least by one different experiment. A script (http://isdc.unige.ch/∼savchenk/spiacs-online/spiacs-ipnlc.pl) was used as the source of input SPI-ACS data. In the case of statistically significant (more than six standard deviations) detection of a given GRBs in the SPI-ACS data, we calculated the burst duration T 90 (for the duration calculation algorithm, see, e.g., Minaev et al. 2010a ). The
GRBs with a duration of less than 2 s were deemed short and were included in our sample.
The light curves of the investigated short GRBs were aligned relative to the peak in the light curve with a time resolution of 50 ms (the original time resolution of the SPI-ACS experiment) and were investigated in the time interval (-150; +200) s. The data processing procedure is similar to the procedure described in detail in Minaev et al. (2010a) and consists of the following steps: which allows a linear model to be used to fit the background in the intervals (-150; -50) and (+100; +200) s relative to the peak in the light curve. It was also established that the typical background signal changed by no more than 0.3% during the 350-s time interval. In most cases, the linear model describes well the behavior of the background, but, in several cases, the quality of the fit was unsatisfactory, and such events were excluded from the statistical analysis.
2) Light curve rebinning -constructing the light curves with time resolutions of 0.1 and 5 s.
3) Searching for precursor candidates on a time scale of 0.1 s in the interval (-5, -2) s relative to the main peak in the light curve and on a time scale of 5 s in the interval (-50, -2) s with a statistical significance of more than six standard deviations.
By a precursor candidate we mean the less intense, short burst activity episode preceding the main one that is offset by more than 2 s from it. Such a criterion allows the probability that the precursor candidate is actually one of the pulses of the main short GRB episode to be minimized (for details, see the Discussion section).
4)
Detailed analysis of the detected precursor candidates based on data from various experiments (SPI-ACS, GBM/Fermi, LAT/Fermi). The spectral-temporal properties of the precursor (its duration, energy spectrum, variability, the shape and number of pulses in its light curve) were assumed to differ from those of the main burst phase. Therefore, only in the case of statistically significant deviations of the properties of the precursor candidate from those of the main burst phase did we consider the detected precursor candidate to be actually a precursor.
5)
Averaging of the light curves. When constructing the averaged light curve, we excluded the events with a low statistical significance (less than ten standard deviations).
A total of 372 light curves for short bursts were selected for the averaging procedure.
The light curves for this sample of GRBs aligned relative to the main peak and processed according to the procedure described above were summed (the counts of the light curves corresponding to the same instant of time in different light curves were summed). 
RESULTS
Precursor candidates were found in the individual light curves of GRB 071030, GRB 100717, and GRB 130310 on a time scale of 0.1 s with a statistical significance of more than six standard deviations (Figs. 1-3, respectively; Table 1 ). The candidates can be associated not only with the precursors but also with the background fluctuations, other
GRBs, and the interaction of charged particles with the detectors. Therefore, first of all it is necessary to test the candidates found in the SPI-ACS data for reliability.
Testing the Reliability of Precursor Candidates
To estimate the probability that the detected precursor candidates are random background fluctuations, we can estimate the number of random spikes in the investigated time interval. In total, we analyzed N =
T ×N GRB dT = 15570 bins, where T is the time interval in which the precursor was searched for, dT is the time resolution of the investigated light curve, and N GRB is the number of analyzed GRBs. Assuming a normal distribution of counts in 15570 bins, the probability of a random background variation with a significance of six standard deviations is 1.5 * 10 −5 , i.e., it is fairly substantial for the precursor candidate for GRB 071030 with a significance of 6.3 σ (the corresponding probability is 4.6 * 10 −6 ).
Therefore, the possibility that it is actually a background fluctuation must not be ruled out. The precursor candidates for GRB 100717 and GRB 130310 were detected at a higher significance level (12.8 and 10 σ, respectively); therefore, their association with the background fluctuations can be ruled out.
Let us estimate the probability that the precursor candidates are associated with other short GRBs. Let us construct the distribution of short GRBs in waiting time, i.e., the time interval between the successive detections of two short GRBs (Fig. 4) . In several good agreement between the model curve and observational data, Fig. 4 ). Thus, short
GRBs are recorded in the SPI-ACS experiment, on average, every 7.3 days. We searched for precursor candidates in the time intervals (-50, -2) and (-5, -2) s for the light curves with a time resolution of 5 and 0.1 s, respectively. Assuming a Poissonian distribution, the probability of detecting at least one short GRB in these intervals is 7.6 * 10 −5 and 4.8 * 10 −6 , respectively. Since we investigated 519 light curves, the probability of detecting a short GRB by chance in one of the intervals increases to 3.9 * 10 −2 for the interval (-50, -2) s and to 2.5 * 10 −3 for the interval (-5, -2) s. Thus, the probability that the detected precursor candidates are associated with other short GRBs is high, and this association must not be ruled out without additional studies of the candidates (for example, the localization of the sources of the precursor candidate and the main burst phase).
The count rate of events associated with the interaction of charged particles with the SPI-ACS detectors is quite high. Rau et al. (2005) showed that, on average, Np = 15 The possibility that this candidate is the interaction of charged particles with the detectors must not be ruled out, but this cannot be unequivocally asserted without any additional testing (for example, by comparison with the data of other experiments).
Thus, the precursor candidate for GRB 071030 is not reliable enough, because it . The GBM/Fermi light curve was constructed from the data of the NaI09 -NaI11, BGO00, and BGO01 detectors. The time relative to the peak in seconds is along the horizontal axis. The number of counts in 0.05 s is along the vertical axis. The arrow marks the precursor candidate.
can be associated with the interaction of charged particles with the detectors and with another short GRB. It may well be that it is a random background variation. We found the precursor candidates for GRB 100717 and GRB 130310 in the GBM/Fermi experiment (the precursor candidate for GRB 130310 is also mentioned in the corresponding GCN circular; Xiong and Chaplin 2013), which points to their reliability. The GBM/Fermi experiment allows the precursor candidate and the main phase of these GRBs to be analyzed in more detail. A detailed analysis will help answer the question of whether the candidates found actually differ in their properties from the main burst phase and may be deemed the sought-for precursors. Thus, consider the properties of GRB 100717 and GRB 130310 in more detail. 
GRB 100717
We used the publicly accessible FTP archive (ftp://legacy.gsfc.nasa.gov/fermi/data/)
as the source of the GBM and LAT of Fermi data used to analyze the GRBs. . Light curve of GRB 100717 from the data of the GBM/Fermi NaI03, NaI07 -Na I11, and BGO01 detectors in the energy range (8, 900) keV. The arrows indicate the individual pulses in the light curve (see also Table 2 ). The time relative to the GBN trigger in seconds is along the horizontal axis. The number of counts in 0.03 s is along the vertical axis.
0.9) MeV and (8, 200) keV expressed in raw counts, i.e., without allowance for the detector response matrix, and is given only for the possibility of comparing the values obtained for the precursor candidate and the main burst phase. For the bright events for which our spectral analysis was performed, the hardness ratio was also calculated using the response matrix and an optimal spectral model. The properties of the precursor candidate for GRB 100717 differ insignificantly from those of the main phase, especially if the properties of the individual pulses in the light curve are considered. This suggests that the detected precursor candidate is an early beginning of the main phase and that GRB 100717 is actually a long burst consisting of two groups of pulses separated by a "silence" episode with a total prompt phase duration T 90 = 4.6 ± 0.1 s.
For the light curves in the energy ranges (8, 200 ) and (200, 900) keV we performed a cross-correlation analysis similar to the technique of Band (1997) . It showed that there is 1 The values for the individual pulses of the light curve are also specified for GRB 100717. 2 The peak flux was obtained in the light curve with a time resolution of 15 ms for GRB 090510, 30 ms for GRB 100717, 150 ms for GRB 130310. 3 The ratio of the fluences in the energy ranges (0.2, 0.9) MeV and (8, 200) keV expressed in raw counts.
no statistically significant spectral lag between these light curves. Such a behavior is more typical for the class of short GRBs. However, in this case, it is probably not related to the nature of the phenomenon but is a methodological superposition effect that arises when a GRB with a complex multipeaked structure of the light curve is investigated (for more details, see Minaev et al. 2014 ).
To construct and fit the energy spectra, we used the RMfit v4.3.2 software package specially developed to analyze the GBM and LAT/LLE data of the Fermi observatory (http://fermi.gsfc.nasa.gov/ssc/data/analysis/rmfit/). The method of spectral analysis is analogous to that proposed by Gruber et al. (2014) , who also used the RMfit software package. Since the energy spectra are fitted in the RMfit software package with the maximum possible spectral resolution, the number of counts in each energy channel is small and, as a consequence, is not described by a normal distribution. Therefore, to fit the energy spectra and to choose an optimal spectral model, we used modified Cash statistics (CSTAT; see Cash 1979) instead of the χ 2 test.
Based on the data of the GBM/Fermi NaI08, NaI11, and BGO00 detectors, we constructed the energy spectra of the main phase and the precursor candidate for GRB 100717, which were fitted by three spectral models: a simple power law (PL), a power law with an exponential cutoff (CPL), and a power law with a break (Band et al. 1993 ). The results of our spectral analysis are presented in Table 3 . The energy spectrum of both the main phase and the precursor candidate is described unsatisfactorily by the simple power-law model. The optimal models of the energy spectrum for the main phase and the precursor candidate are, respectively, the power law with a break (Band) and the power law with an exponential cutoff (CPL). The Band model fits the energy spectrum of the precursor candidate bad due to its low statistical significance and, therefore, was not included in Table 3 . Although the energy spectra are fitted by different spectral models, the parameters E peak and α coincide within the 1 σ error limits, suggesting that the energy spectrum of the precursor candidate is analogous to that of the main phase. This is also confirmed by the hardness ratio calculated between the ranges (50, 300) and (10, Thus, GRB 100717 most likely belongs to the class of long bursts and, therefore, is not a sought-for event in this paper.
GRB 130310
The light curve of GRB 130310 differs significantly from that of GRB 100717. Both the fluence and the peak flux of the precursor candidate are much lower than those of the main burst phase (by a factor of 30 and 25, respectively; Table 2 ). At the same time, the duration of the precursor differs insignificantly from that of the main phase (0.9 and 2.7 s, respectively). The hardness ratio is the same within the 1 σ error limits (Table 2) .
A more in-depth analysis of the light curve based on SPI-ACS/INTEGRAL data revealed a third component, an extended emission, which is a weak "tail" with a duration of 500 s (Fig. 6) . The light curve of the extended emission was fitted in the interval (1, 500) s relative to the burst onset by a power law with an index α = −1.16 ± 0.13. Thus, the light curve of GRB 130310 consists of three components: the precursor candidate, the main phase with a duration of ≃ 1 s, and the extended emission with a duration of ≃ 500
s. Due to the extended emission the duration parameter T 90 is 2.7 ± 0.5 s, which formally characterizes GRB 130310 as a long burst if the separation criterion T 90 = 2 s is used. However, if the duration of the main phase (≃ 1 s) is taken as the burst duration, then the burst more likely belongs to the class of short ones. There is no spectral lag between the light curves in the ranges (8, 200 ) and (200, 900) keV, which, as in the case of GRB 100717 may be associated with the complex structure of its light curve consisting of several strongly overlapping pulses (Fig. 6 ).
To investigate the energy spectrum, we jointly used the data of the GBM NaI09 -NaI11, BGO00, and BGO01 detectors and those from the Fermi LAT/LLE (LAT Low Energy) experiment. As a result, we constructed the energy spectrum of the main phase (the time interval (0.0, 1.0) s relative to the peak in the light curve) in the wide energy range 10 keV-100 MeV (Fig. 7a, Table 3 ), which was fitted by four models: a simple power law (PL), a power law with an exponential cutoff (CPL), a power law with a break (Band) , and the sum of the simple power law and the power law with an exponential cutoff (PL + CPL). The optimal model is the power law with a break (Band) . The peak in the energy 1 PL is a power law, CPL is a power law with an exponential cutoff, Band is a power law with a break (Band et al. 1993 ), kT is a thermal model. 2 For the kT spectral model the E peak column gives the parameter kT.
spectrum νF ν is placed at E peak = 2.23
+0.21
−0.20 MeV, the fluence in the energy range (10, 1000) keV is F = (11.79 ± 0.14) * 10 −6 erg cm −2 . The hardness ratio between the ranges (50, 300) and (10, 50) keV within the optimal spectral model is HR = 1.01 ± 0.02. On the duration -hardness diagram constructed for GBM/Fermi GRBs ( There is an interesting feature in the light curve for the main phase of GRB 130310:
it begins with a very short and bright pulse ≃ 0.1 s in duration (Fig. 3) . Therefore, we constructed the separate energy spectrum for it from the data of the GBM/Fermi NaI09 -NaI11, BGO00, and BGO01 detectors presented in Fig. 7b . The optimal spectral model is the sum of a power law with an index γ = −1.68
−0.15 and a power law with a break (Band et al. 1993) with a very high value of the parameter E peak = 5.5 (Table 3) . We also constructed the energy spectrum of the extended emission (the time interval (1, 4) s relative to the peak in the light curve) from the data of the NaI09 -NaI11, BGO00, and BGO01 detectors and the Fermi LAT(LLE) data, which was fitted by a simple power law with an index γ = −1.75 ± 0.03 (Table. 3). The introduction of additional free parameters by using more complex spectral models (CPL, Band, etc.) does not improve the quality of the fit due to the low statistical significance of the light-curve component being investigated. Interestingly, the derived power law index coincides, within the 1 σ error limits, with that of the additional component in the spectrum of the main peak. This suggests that the extended emission is an additional component of the light curve that is also present in the main burst phase and probably has a different emission mechanism compared to the main phase. However, a detailed study of this component is beyond the scope of this paper and is the subject of future studies.
Since the statistical significance of the precursor candidate is low, its energy spectrum cannot be constructed and compared with the spectrum of the main phase. We can only compare the hardness ratios calculated in raw counts; they coincide within the 1 σ error limits. This may suggest that the precursor candidate is the beginning of the main GRB phase.
One of the interesting phenomenological relations for GRBs is Amati diagram, i.e., the dependence of the equivalent isotropic energy E iso emitted in the gamma-ray range (1, 10000) keV on parameter E peak (1 + z) in the source reference frame (Amati 2010 ). Long bursts obey well this law, while short bursts usually lie on the diagram above the main correlation region of long bursts (at the same value of E iso for short bursts E peak (1 + z) is considerably higher). Thus, Amati diagram can also be used for the classification of bursts. Since the redshift z of GRB 130310 is unknown, the trajectory of GRB 130310 on the diagram as a function of z ( Fig. 8 ; see also Minaev et al. 2012 ) can be constructed using the fluence and E peak (1 + z) estimates. It follows from Fig. 8 that the trajectory does not cross the correlation region at any z and lies above it, which may suggest that GRB 130310 belongs to the class of short bursts. Since the burst does not fall into the E peak (1 + z) − E iso correlation region at any z, the redshift and E iso cannot be estimated.
Thus, a detailed study of GRB 130310 revealed many peculiarities of both the light Fig. 8 . Amati diagram -equivalent isotropic energy emitted in the gamma-ray range E iso versus parameter E peak (1 + z) in the source reference frame (Amati 2010 ). The solid straight line indicates a power law fit to the dependence; the dashed lines bound the 2 σ correlation region. The trajectory of GRB 130310 is plotted as a function of the presumed redshift z. The filled circles indicate the data points for the main phase and the precursor candidate of GRB 090510 (the 1 σ errors in the parameters E iso and E peak (1 + z) for the main phase of GRB 090510 are smaller than the circle size).
curve and the energy spectrum. However, it cannot be unambiguously said whether GRB 130310 is a short burst. Whether the precursor candidate has a different nature/emission mechanism compared to the main GRB phase or it is the beginning of the main phase is not clear either.
GRB 090510
Let us consider one more short gamma-ray burst, GRB 090510. It was detected by most of the then operating space gamma-ray observatories, including INTEGRAL, Fermi, Swift, and KONUS (see Table 1 (Fig. 9) . It was not initially considered as a precursor candidate, because (1) its statistical significance was less than 6 σ and (2) the time interval between it and the beginning of the main phase was less than 2 s. Consider the properties of the precursor candidate and the main phase of GRB 090510 in more detail.
The light curve of GRB 090510 is very similar in shape to that of GRB 100717, the main phase consists of more than four overlapping pulses with a total duration T 90 = 0.98 ± 0.07 s, the duration of the precursor candidate T 90 = 0.05 ± 0.02 s coincides with that of the last pulse of the main phase (t = 0.15 s in Fig. 9 ). It was previously shown for GRB 100717 that the properties of the precursor candidates are similar to those of the individual pulses of the main phase. It may well be that the precursor candidate for GRB 090510 can also be an individual pulse of the main GRB phase.
The statistical significance of the precursor candidate in the GBM/Fermi data is sufficient to perform a spectral analysis. The energy spectrum of the precursor was constructed from the data of the NaI03, NaI06 -NaI09, BGO00, and BGO01 detectors and was fitted by four models: a simple power law (PL), a power law with an exponential cutoff (CPL), a power law with a break (Band) , and the sum of a simple power law and a blackbody model (kT + PL). The optimal model is the power law with a break (Band);
the kT + PL model with the same number of free parameters as the Band model fits the observed spectrum more poorly ( Table 3 2014)) the precursor candidate for GRB 090510 is located in the region of very short hard bursts, i.e., occupies a position quite typical for the class of short GRBs. Thus, the spectral-temporal properties of the precursor candidate for GRB 090510 do not differ from those of the main phase of short GRBs, which may suggest that this component of the light curve is one of the pulses of the main phase of GRB 090510.
To construct the energy spectrum of the main phase, we used the data of the GBM NaI03, NaI06 -NaI09, BGO00, and BGO01 detectors and the LAT(LLE)/Fermi data. The energy spectrum of the main phase spanning the range 10 keV -3 GeV is presented in Fig. 10. The energy spectrum of GRB 090510 is similar in shape to that of the main peak of GRB 130310 (Fig. 7b) . The optimal spectral model is the sum of a power law with an index γ = −1.60 ± 0.03 and a power law with a break (Band et al. 1993 ) with E peak = 3.9 ± 0.2
MeV (Table 3 ). The hardness ratio of the main phase of GRB 090510 calculated within the optimal Band + PL spectral model is HR = 1.4 ± 0.1. On the hardness-duration diagram ( Fig. 6 in von Kienlin et al. (2014)) the main phase of GRB 090510 is located in the region of short hard bursts. Fig. 10 . Energy spectrum νF ν of GRB 090510 constructed from the data of the GBM NaI03, NaI06 -NaI09, BGO00, and BGO01 detectors and the Fermi LAT(LLE) data covering the main GRB phase. The smooth curve indicates the fit by the sum of a power law and a power law with a break (Band et al. 1993) ; the contribution of the individual components to the combined spectrum is also shown. The lower panel shows the deviation of the spectral model from the experimental data expressed in standard deviations. identified there as a separate component of the light curve. In this paper we constructed its energy spectrum from the data of the GBM NaI06 -NaI09, and BGO01 detectors and the LAT(LLE)/Fermi data. The spectrum was fitted by a simple power law with an index γ = −1.56 ± 0.01 (Table 3) . Due to the low statistical significance of the extended emission in the GBM data (in the LAT(LLE) data the extended emission is considerably more intense), fitting the spectrum by more complex spectral models gives ambiguous results. (Fig. 8) , which confirms its association with the class of short bursts. The parameter E iso for the precursor candidate can also be estimated using a power law with a break (Band) model. It is E iso = (7.7±1.9) * 10 50 erg. On Amati diagram the precursor candidate also lies above the main correlation region, i.e., it occupies a position typical for short GRBs (Fig. 8) .
The results of our spectral analysis for GRB 090510 and our estimate of the parameter Thus, our detailed study of GRB 090510 showed that it belongs to the class of short bursts. However, no convincing evidence that the precursor candidate has a different nature/emission mechanism compared to the main GRB phase has been found.
The Averaged Light Curve
To construct the combined light curve, we modified our complete sample of 519 GRBs with a duration T 90 less than 2 s.
The GRB light curves usually have a fairly complex structure consisting of a superposition of FRED (fast rise -exponential decay) pulses; therefore, their observed duration depends on the statistical significance above the background level. Using BATSE GRBs as an sample, Koshut et al. (1996) showed that the observed duration T 90
systematically dropped relative to the true value with decreasing statistical significance of the burst starting from S/N ∼ 10 σ. This means that a long burst with a true duration T 90
> 2 s at a low statistical significance, S/N ∼ 6 σ (the lower significance limit for the bursts of our complete sample), can have a duration T 90 < 2 s and, hence, can be erroneously classified as a short one (see also the next section and Fig. 11 ). To minimize the number of such events, we excluded the bursts with a statistical significance of less than ten standard deviations from our complete sample. In addition, we excluded all bursts with precursor candidates.
The averaged light curve is the sum of the individual light curves aligned relative to the peak flux of the main phase on a time scale of 0.05 s (for details, see the "Data Processing Algorithm" Section). We have no a priori information about the presumed regular precursor (its duration, location relative to the main burst phase, intensity, etc.).
Therefore, we made a "blind" search for a possible regular precursor in the averaged light curve.
We found no significant (more than three standard deviations) excess on any time scale from 0.05 (the time resolution of the original data) to 48 s (the longest investigated interval before the burst onset) in the averaged light curve in the interval (-50, -2) s, suggesting the absence of a regular precursor for the short GRBs of our sample. Obviously, the position of the possible regular precursor relative to the peak of the main GRB phase can vary. In this case, when the light curves of various bursts are summed, the intensities of the precursors of the individual light curves will be averaged. As a consequence, the possible regular precursor will be "smeared" over the entire averaged light curve.
We can estimate an upper limit on the relative intensity of the regular precursor by assuming it to be a positive deviation with a 3 σ significance. Our estimate of the maximum intensity of the presumed regular precursor will not depend on its duration but will depend only on the length of the interval being investigated. We will use the same intervals as above for our estimation, namely (-5, -2) and (-50, -2) s relative to the peak of the averaged light curve.
The fluence for the main phase of the averaged light curve is F = 4.78 * 10 6 counts.
The fluence corresponding to a positive background fluctuation in the averaged light curve with a statistical significance of 3 standard deviations in the interval (-5, -2) s is B = 3.81 * 10 4 counts. Hence we will find that the presumed regular precursor is weaker than the main phase at least by a factor of F/B ≃ 125. A similar estimation for the interval (-50, -2) s gives a ratio F/B ≃ 30. The latter estimate is most conservative, provided that the precursor (of any duration) is in the interval (-50, -2) s. Interestingly, the above intensity ratios are larger than those for the main burst phase and the precursor candidate for all the previously considered bursts: 26, 3.6, and 29 for GRB 090510, GRB 100717, and GRB 130310, respectively (see Table 2 ).
DISCUSSION

The Bimodal Duration Distribution of GRBs and the Problem of Their Classification
The most complete sample of GRBs in the SPI-ACS experiment is contained in Savchenko et al. (2012) . Therefore, in our analysis we used the distribution of GRBs in duration T 90 constructed in Savchenko et al. (2012) . It is presented in Fig. 11 . To fit this distribution, we used log-normal functions (below referred to as model curves)
corresponding to the modes of long and short bursts (indicated in Fig. 11 . The GRB duration T 90 in seconds is along the horizontal axis; the number of bursts with a give duration is along the vertical axis. The smooth thin curves indicate the fit to the distribution by two log-normal functions; the smooth thick curve indicates the sum of these functions. The hatched part of the lognormal model curve for long GRBs shows the fraction of these events among the GRBs with a duration of less than 2 s.
It follows from Fig. 11 that not all long burst have a duration of more than 2 s: the model curve extends to ∼ 0.5 s (the corresponding region of the model curve is hatched). At 1.85 s the probabilities that a specific GRB is long or short are equal. If the duration of a GRB is less than 2 s, then the probability that it is long is lower than the probability that it is short, but, at the same time, it is nonzero. Thus, the fraction of long GRBs among the GRBs with a duration of less than 2 s is ≃ 9% (the hatched region in Fig. 11 ). This means that about 50 of our investigated 519 GRBs with a duration of less than 2 s can be representatives of the class of long bursts. At the same time, the fraction of representatives of short bursts in the sample of bursts with a duration of more than 2 s is 2.5%.
However, for each specific case we cannot ascertain whether it is a long burst without carrying out additional studies (for example, studies of the energy spectrum and its evolution, the spectral lag, the X-ray and optical afterglows, the signatures of a supernova, etc.).
The fraction of long GRBs with precursors varies within the range from 3% to 20% in the BATSE experiment (Koshut et al. 1995; Lazzati 2005 ). This means that among all of our investigated GRBs with a duration of less than 2 s, about 50 can be long ones, and, in turn, from 1 to 10 of them can have precursors (assuming the SPI-ACS and BATSE experiments to be identical).
We found precursor candidates for three GRBs, one of which, GRB 071030, is insufficiently significant. GRB 100717 is close in its properties to the class of long bursts.
GRB 130310 exhibits the properties of both long and short bursts; therefore, it may well belong to the class of long GRBs (including the subclass of long bursts with precursors).
Despite the fact that the properties of GRB 090510 are typical for "classical" short bursts,
it can also be a long burst belonging to the hatched part of the model curve in GRB 090510 and GRB 100717 are typical examples. GRB 090510 was classified (Troja et al. 2010 ) as a short burst with a precursor. In this paper we found no convincing evidence that the precursor candidate has a different nature compared to the main GRB phase. The same is also true for GRB 100717, whose precursor candidate is apparently the beginning of the main burst phase.
Therefore, it is necessary to minimize the probability that the detected precursor candidate is the beginning of the main episode of a short GRB using a more rigid precursor candidate selection criterion. Since the hypothetical precursor presumably has a different nature, its spectral-temporal properties can differ from those of the main burst phase. It can also be offset from the main phase by a considerable time interval. In most cases, the duration of the main phase of a short GRB does not exceed 2 s. Hence we proposed the following precursor selection criterion: the time interval between the precursor and the main episode must exceed 2 s, and its properties must differ from the properties of the main episode. These properties include at least the energy spectrum, the variability, and the shape and number of pulses in the light curve. In a similar situation with long GRBs, in the case with GRB 160625B, the spectral properties of the precursor differ significantly from those of the main phase (Zhang et al. 2017 ).
Although our criterion (the time interval between the precursor candidate and the beginning of the main burst phase must exceed 2 s) allows the probability that the precursor candidate is actually the beginning of the main burst phase to be minimized, the precursor candidate that we found for GRB 100717 turned out to be the beginning of the main burst phase. However, it should be emphasized that GRB 100717 is an exceptional example:
it belongs to the class of long bursts whose characteristic time scales (the duration, the time interval between the individual structures of the main burst phase) are a factor of ∼ 50 greater than those for short bursts (see Fig. 11 ). Therefore, the precursor candidate selection criterion for long bursts must be different. 
CONCLUSIONS
We analyzed both the individual light curves for our sample of 519 short GRBs and the averaged light curve of 372 brightest short bursts from this sample.
The following precursor candidate selection criterion was used: the time interval between the main GRB phase and the precursor candidate must be within the ranges (-5,
-2) and (-50, -2) s on time scales of 0.1 and 5 s, respectively; the statistical significance of the candidate must be greater than six standard deviations.
With this criterion we found three candidates for GRB 071030, GRB 100717, and GRB 130310. The precursor candidate for GRB 071030 is insufficiently reliable;
the candidates for GRB 100717 and GRB 130310 were confirmed in the GBM/Fermi experiment and were studied in detail. The precursor candidate for GRB 090510 from Therefore, an unequivocal conclusion of whether the precursor candidates found are the precursors of precisely short GRBs cannot be reached.
On the other hand, the combined light curve contains no signatures of a regular precursor. At the most conservative estimate, the possible regular precursor is weaker than the main phase of a short burst by more than a factor of 30.
Thus, the precursors of short GRBs detected in the SPI-ACS/INTEGRAL experiment, if any, exist only in a small number of events, more specifically, for less than 0.4% of the short GRBs.
